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(57) Abstract 

A process for producing adenosine ^-triphosphate (ATP) by reacting adenosine 5 '-monophosphate (AMP) with a polyphosphate 
kinase, an adenylate kinase and a polyphosphoric acid. ATP can be easily produced at a low cost by this process. 
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?ffl 

*mWl*. YrJi/y*' >J>i (AMP) \Z^\) U >Wtfri—&, Tf 

(ATP) S^SCJf-ecDEBfflfCll-r^feCDTfeSo 

^teMi^fe b < tiiflft^ffl^TAMP & L < ii7f->^bM^nt^ 
nt^5ATPI»tIfffe§o */c. ATP0ff^tUii^*^L/ 
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z<D£ o i: A T P jig&Tilttf* 5 © i:*f AM P Uitm f l&mizm&& 

Hot. jf.mm [fmmK atp^ampj:^ izmm. & tz imtk-t <s 
^atp zmm&ft-? %> z. t^mffi u #^£^£1^0 

^©l^&K&l^T, 7f;->>5' 'J >^C1* 0 >J 'J >^+^--Hf\ 7f 

^b - h^--tf&0^y U >i^fflf l&T7f; > 5 ' -H'J 

{^^©Sii&K&tNT, ^UfcT^V ^> 5 ' — 'J>iSy'/^fc!i7f 
>S££fFffli±La6TT7V ->> 5 ' -HI) ^^S^L^^^^^^S^^tT 
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Hilt ^©ATPMIi:felt§AMP, ADP, ATPO^ft^l 

#3B9ITffiffi-r*#U U tf (E. C. 2. 7. 4. 1) SO'Tf- 

U~h+"^— lf(E. C. 2. 7. 4. 3) (i^-rn^^cD^T-fe^s 1?^ 

n-WfcU :*d|Mfc UT#U U >i+t-ii'*fc(i:7f-U- 

Z> Z t £> «JfgT-& £ (J. Biol. Chem. . 267, 22556-22561(1992). Nucleic 
Acids Res., 13, 7139-7151(1985)) 0 

i{fe(l%hU^h>, 0. 1 %&Wd tfc|i2 x YTftffi 

(1. 6%h'J^h>. 0. 5%^ig) ^if^fflf-5d 

ttfi-eSi mmmm^mm^mm, 3 o~5 0 °cr 1 0-5 ommmm^m^ 
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>y-. 7u>f7°ux, **rs>-*-^tf-, $mt££'iz£z) % ie 

X.«l ~2 0 OmM, L < « 1 — 5 0 mMCDiSffi^ ^itH^t-S d £ t^T t £ 0 
(£|he$I U L-T 1 ~ 1 0 0 Oil, I, < li 1 0 — 1 00 mMOfaffl^ £ 

iini&^-r -set ^-e # 5 o 

•j >m%mu u $^i;o. oo u-»; h/^m-t. t < & o . o o 1 ~ 

b<{£0. 0 1-1 00a^7 F/^©7f-L'-h+t-f^ij|]U 20°C 

^_h, »st<{i3 o-4 o°cti-5 omrsm, &miz£t>MWLtet><t,B.m 

C © J; -5 C LtiS L/c AT P (d\ ^0OMi:T«»gt-5c t^tiSo 
£ /c. ATP ^r^^t-^^^SC&^fiJffl U/ift^^CD®ifefi(Cfc^T(i, 
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amp (c _hia^ 0 u u ym^r-r-^fs Tf-i/- h so'* 1 u u ywi^ftm 
s«[ffc-6»«Bi*fiis , r«c t^-e^So at p&mm-f&mm&m%mmL 

# ^ c t itm <hfrx$> o £tc, mmm k& d n a ©his, $mg&&c: x % 

T4DNAU#--tftrJ:5DNAii^ &t>'t::*Jlt®©I*W3sm&(*:£T 
TMolecular cloningj (Maniatis £>HU Cold spring Harbor Laboratory, 
Cold Spring Harbor. New York(1982)) Cf^TlTo/co MPlUfft. 
Amp 1 i Ta qDNA^'J /^-^\ T 4 DNA U tf-lflZ&m& (#) <0 

afrWsnii, ^lC(iYMC?ilOODS-AQ3 1 2#^A£ffl!^ > ?&ffi$i<b 
LTO. 5M U >H— # U AM*ffl^fco 

mmm 1 ; atp®^ 
■xmrnx. i 2^jmi o 9® mmm cm «a#) ©wdna^i 

tHlO^S (Biochim. Biophys. Acta., 72, 619(1963)) tlllfc 0 
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DNA$f>^u- h t It, i^Ti:^t2lii©7 , 7^7-DNA^^(:^ 
^tMU PCRft(:j;0*iI*''J tf vifc*-*-— tf (p p k) itfe^-^i^His 

(A) : 5' -TACC A T G G G T C A G G A A A A G C T A T 
A- 3 ' 

7*74-?- (B) : 5' - ATGG ATC CTTATTC AGGTTGTTC 

GAGTGA- 3 ' 

PCRdck^pp kmi^^mmt, l O O mS^ (5 O mM igfb* U ^ 

A. 1 o mM F UXHi ( P H8. 3). 1. 5 mM Uit^r^^^U^ 
0. 0 0 1 %-if 7f ^>^U- hDNA 0. 1/ig, ^7^f7-DNA 
(A) (B)#*0. 2 //M, Am pi i T a q DNA^U ^ 7-t* 2. 5 
^'^) ^Perkin-Elmer Cetus Instrument tt 
IDNA Thermal Cycler^ffl^T, i!t(9 4U 1 > 
T~-U >?. (5 5°C. 1. 5#) . / ? J is a y (7 2°C> 1. 5 55-) 

iafc^itiMi^ 5EM7x;-V?oo^^A (1:1) I^^tML, 
Tk^ttB^d 2^©^ y -;l/£$siin UDNA££tft£-tr/c 0 fcfcg&HURl,*: 
DNAOT (Molecular cloning. Irfifi) ©Mi:tot7#D-xf 

ac»cj:f}^aiu i. okb^^oDNAirit^^b/co mDNA&®mmm 

Nc o I &t>'B amH I TiiOSfrU iifJ b < 0MHiiN c o I S^'BamH I T/g 
-fbLZ-cy^xi FpTr c 9 9 A (Pharmacia Biotech *±J;f)A¥0 tT4 

k&biu f#bnfc7>t^ij ymmmwmmi^^ioyy^i KpTr c - 

PPK^fSlfc 0 pTrc-PPKIt pTrcS9A0trc7 J D€-3'- 
T^©N co I - B amH I Wm%$mzXmWp p k mfe^^^W-r -5 N c o I 
-B amH I DN A®rH-#ff A£ft/c 4b©-C&& 0 
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(2) ±mm#>) u >m*-i--a®fflm 

7'7X;FpTrc- PPK^tS^ilJMl 0 9 1 0 0 u g/ 

7^©T>h°i/'J >$tft5 2 xYT^il&3 0 O^CIIU 3 7 "Ct^fc -3igF 
*L/c 0 4X10 •HS/mtfCjtLfclS&TN if^C^ilJg 1 mllCttS J; 9 (C 

IPTG«DU & 3 0°C-C-5BfP B 1lit9±«^^{j-/-Co WI7t, is 
4>#«i(9, 0 0 0 x g> 1 o#) t=J:01lf**llIiRU 6 0 ffl |©lii (5 0 
mM hUXig@?( P H7. 5). 5 raM EDTA, 0. 1 % Y =7 << h >X - 1 0 0 „ 

0. 2rag/^'J-/f-A) (ce^b/co 3 7*CT 1 ISHfllfiifflLfclft. itill 
**Tt/\ »#£BM*U £ £ CjSvC^ltt ( 2 0 , OOOxg, 1 0^) 

ImM 2 - tJltrzf h 5 OraMh >J (pH7. 8 ) izft 

mmmmz*svz#i) u >m*-f---attfemt, o. 1 9^-7 h/mgMfijf 

T&tK ^11 (pTr c 9 9 A£j£*#iT Z±mW JM 1 0 9 1) ©J£S1£ 

(o. o ooi 8-3.-^ b/mg^esf) ©i^ii o o o^-t?$)o/co &nzm.mmm 

£D E A E ha^-Afi 5 0M ( h - V - (ffc) ) £ffl^T 0 ~ 0 . 5M 
Na C £ (Dmm^miZTfrmL, **>J U >^+f---trW^^#fc 0 CCDH#£# 

1 0 OnlflBK^ 5mM AD P. S^'J U >W. (MU >itbtl 0 0 mM) & 
-SftirZ 2 5 mM h 'J (pH 7 . 8 ) KP&SSS^S&lra It, 3 7 °Ct 

trgjs^m^ ioo°c. i frM®mmm^£t)Km&&±isii&a 

IMft^avhr7 7>f- CHPLC) £flH^TKJ&i£*©ATP<£-£*U 
3 7°C-e l t>Pb1(C 1 juLmoJZe © AT P ££fifc-r 1 (jl— y h) <fc-f 
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o 

( 3) tll7f-l/- h*i---ti(D?a-—yy- 

*»iKl 2fSMMl 0 9M (^Sii (») J;0A#) OftfeftDNA^i 
tElO^ft (Biochim. Biophys. Acta., 72, 619(1963)) "Cllbfco C © 
DNA^r^b-h t LT\ ^TC^t 2 ^ v - D N A 

P C RmiZ^ioXmWTT-l;- h^--br (adk) iifc^ii 

^^v- (A) : 5' — ATGGATCCCGTTTCAGCCCCAGG 

T G C C — 3 ' 

(B) : 5' - A T A A G C T T G G C C T G A G A T T G C T G 
AT A A G — 3 ' 

PCRCiS a d k M:^ EJCSJfc 1 0 0 stf* (5 0mM i&{fc:*7 'J ^ 

A. 1 0 mM h 'iXSS (pH8. 3). 1. 5 mM f^ffc v * :/ ^ A N 
0. 0 0 l«t"7f>, f>^b-hDNA 0. 7*7^7-DNA 
(A) (B) £■*<). UM, Ampl iTaq DN A*° U / ^ -if 2 . 5 
-yh) *Perkin-Elmer Cetus Instrument t±M 
DNA Thermal Cycler^I^t v M4(94°C, 1 #)\ T 
— - U > ^ ( 5 6 °C. 1 . 0 #) . U y 5 -tr- ~> 3 y ( 7 2 °C. 3 . 0 53-) 

*tfc^tfli^ 5EK7x y -;t//^ o n*;i/A ( l : i ) l^ttai U 

°NAI:M (Molecular cloning, mm OMCioTTi/'D-x'fiHt 

*»lcJ:t>d*U 1. 0kb«^ODNABf)t*««Ufeo »DNA*«IR»* 
B a m H I &tfH i n d 1 1 IT ® m U , m b < ffl PI H if B a m H I & 
H i n d III -vmitLtzzf? X I KpUCi 8 (^Mlk (m <0 A¥) t 
T4DNA'J*"-^ffliaiiL/c 0 IMMhttiUMl 0 9 ffl 
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zmnum u nztitcT y t° y u y%m%mm&fe& ^o-fv^i kpuc- 

ADK«U;o pUC-ADKIt pUCl 8©1 a c 7°n ^- 9 -Tflfc© 
BamH I -H i n d I lI^BrSIHfcKifclM a dklfe^ttSBamH I 
-Hind III DNAKfJt^if A$n/ct>©T*>2.o 
(4) ^USTx— U- h+^-HftOIHS 
•7° -^^ ^ K p U C - A D K*ff fiPt 5*»B J M 1 0 91^, 10 0// g/mf> 

(Dryh'yi) >&ttir& 2 xyrmms 0 o^tcffiMU 3 7 wm t ?*ttm 

Ltc 0 4xl o 8 M/m0lzmLtcW&-?:\ *«tt(CJ»»R 1 mMtC^ -5 J; -5 
I PTG^IiU 3 0 °Cf 5 B#TO fc -5 *&tt£iU:f/-c 0 **»7«, it 

>C,vM£(9, OOOxg, 1 0#) &f*£EIiRU 6 0^cDi«I (5 0 

raM h 'J xSi (pH 7 . 5), 5mM EDTA, 0. l%h^-fh>X-100. 
0. 2 mg/»* U V/f—iO (C^^b/co 3 iitlll 
®£££®£#U $ *>izi&&ftm ( 2 0, oooxg, 1 05-) i:J;f)i 

c:©i:-5 trft&tifc±il!f®£-£ 5 raM tM-fbv ^ AStf 1 raM 2 -/Aft 
7' Yjl^J -Jl>&^iT% 5 OmMh 'J Xi*H ( P H7. 8) C*t Utaff £?Tl\ 

aiif tbfc 0 fiiifficfci^7f-i/- h+^--tf , ©Jtstt(i, 134^- 

— * h/mgSeSt-e^O. *f^» (pUC 1 8 4ft^t5*lliJM 1 0 9®) 
(Ditmn (1. 9a->? h/mgSSK) ©&J8 5^-e$>o^ 0 ftCtit^^ 
DEAEh3^°-;t/6 5 OM ( h - 7 - (ff) ) l^T 0 ~ 0 . 5M 
N a C & ©2RJg£Jl2(rT#[If U T ir— U — h *f---tf i§H£©*> 31f#£0JR t 

/co ;©i^^7f-i/-i^t--iiitip n nti/; 0 z<DmmmFn^& 

ScTifllJ^ H-ffiU/co f^t)^, 5mMi£ffc^r*^ A. 5 raM ATP. &th'5 
raM AMP^ft^ 5 0 raM h 'J Xi£®MM (pH 7 . 8 ) (cffftfln a a£i« U 
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T 3 7 VTU'Uir & z feSlC*m\ 10 0°C\ l^WOiffilc^OElS^ 
#lt^-ti:6o HPLC^ffl^tSKiffOADP^iU 3 7 °C*C 1 ftm fC 2 

( 5 ) tf? U 'J >®+-^--tfi:T7 : -*- U- h + t--t?'Ci;§ATP©M (-e© 1 ) 
1 OmM ^fbv^'^^^A. l 0 OmM IMkT y^=-^> a, ?tf )J ij >jg (|be$| 
U ymt LT 7 5mM) N 4 mM AMP^tt§ 5 0 mM h U (pH 

7. 8) izmmmFafoz^imitmmm&mnL, 3 7°ct 1 5 o##ffiLfco 

1 {c^-r 0 
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iic^ti^:, *°u u - -rather u- h ^^--tr'^-n-eti 

WliAMP?:'J>i{fcU ADPSO'ATP^t^gttli^atf, jlf 

M (JM 1 0 9 CpUC 18)) iDill/cIiMt^'J U >^f---tf£ 
in LTfeAMP© 'J ^Hftte^b/j:^^ T7=-b- h -t?K£j^f£ 

(jmi o 9 cpuc-adk) ) £ ^mmLtcm.mmm%:tf v »j >s&*-*---tf 

*t-if^7f-U- h + t-t?'^#t§;ttAMP0'J 

( 6 ) *°'J 'J >^^f---tr- < tTf : -U- b^ri~~-^lz J; £ A T P 2) 
1 OmM i^fbvr^^^A. 1 0 OmM Sfii^T >^6~^ A. ^'J >J >gfe (i§f§ 
U LT^n^nOmM. 3 OmM. 7 5 mM. 1 5 0 mM) . 4 mM AMP£#W 

T<5 5 0 mM h »J xmWimmm (pH 7 . 8) CO. 1 ? Y/id^ U U >S+ 
t-ifStfO. 5^- — y b/ratf Tt-*— U- h 4^ --if U 3 7.°CT 

1 2 O^fiL/co SI^H-T^SIS^*©? ? L/^-^ K^HP L C^ffl^T^» 
L/co ^r©fe^^^2 (C^-To 

»°U 'J >ggg (U >jj:Lt) ATPCmM) ADPC mM) 

OmM < 0. 01 < 0. 01 

30 0.37 0.76 

75 0.67 1.52 

150 <0. 01 0.09 
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( 7) *°D U >i^t-if tTf-b - h+f---tfC:J;£ATPcD^Jj£ (-^CD 3 ) 
1 OmM Ifkvy^i/^A, 1 0 OmM WT>^-^A. *°UU>I£ (« 
'J >9tU7 5mM) , 4 raM AMP £#WtT 3 5 0 mM h U XiMHiH®n$ (pH 
7. 8) (CO. 1 a.— y h/^*°ij 'J ^Ife + ^-tf&a^ttS&CDTT^U- 

?ntf k^hp Lc^ffl^tttuco *<D&m&m s 

*° U U > - if 7f-l/-b + t-^ ATP (mM) ADP (mM) 

0. 10a.— >y h/»rf 0.05^.— y h/ratf 0.18 0.14 

0.10 0.25 0.85 1.16 

0.10 0.50 0.89 1.26 

0.10 2.50 1.04 1.20 



( 8 ) #U U >i + t-i?"t7f-U- b^t-tf'i:J:-SATPcD^ (<€:© 4) 
1 OmM i^Ybvr^^^A. 1 0 OmM BftifeT >^E->t7X^ *° >J »J >ft (Mi 
U fc LT 7 5 mM) , 4 mM AMP * 5 0 mM h »J XttSMIKit (pH 
7. 8) CO. 1 J.-? h/^* 0 y U -tf&tf 2. 5a-7hAl7f 

— U- h+f--«^n a n^«b. 3 7"Ct:-4 0 O^ftilfco KC£**-T^S 
CEiffO?^btf K^HPLCOt^il/cc ^©MHI^EI 1 d^-fo S 
JS^TB*©^^©* ? l^f- K»at±. ATP 2. 3mM. ADP 1. 3 
mM. AMP 0. 4mMTS>o/io 

Htfe09 2 ; ATPIi^lfflUc^i' h-X- 1 - >J >^©^it 

en xmmif?? h*i—v®mm 

Xmmtf?? F+f-irlBmt^^^; KpDR5 4 0 (Gene, 20, 
231(1982) . 7 7 ;l/7->7ti:t)A¥) ^§it§«iJMl 0 9 
1 0 0 At s/td<Z>7 y Vis U >£^-WlT<5 2 x YTifife 3 0 OslClll, 
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3 7°cTMtdmmvtc 0 4x10 'i/^ciLfc^^ mmmzf&mm. i 

raM(C/«£ <2> J; -5 I PTG»U ^bC 3 0 0 C"e 5 Of N£ £ -5 *&m&tittftz 0 
*«»7^ St^li (9, OOflxg, 1 0#) KitJBtt^llIJRU 6 0^ 
©MMi(5 0mM hUXMfe(pH7. 5). 5 mM EDTA. 0. I % b ? -( 
h>X-100. 0. 2mg/flrf»JV^-A) Cilb/co 3 7 "CT 1 mHUU U 

ie*iftaa*tTV\ u ^<b^m^m (20, ooox g , 

1 0#) ic J: #Bfc*b;fco 3©J:-5(cf#^n/-c_h»M^€-5mM igfk 

1 ndl 2 -r^^*^hx^;-;|;^tt -5 5 0 mM h U Xf*®? 
(pH7. 8) CSt bt3ff^ffl\ #5 9 b^ri--^fmmmt Ltz 0 ificfc 

ST£B b/cfcO-Cfe-So 5mMi&fl:v^*:y^A. lOmM ATP. lOmM #5 ? 

h-x^-t^rr* i o osMhi)xm.mmffim (pH7. 8) ciii n a D ^ttu s 
3 7 °c~euu-r& z fv&m&fth^ ioo°c. i&momiiBmiz£t>m.i£&& 
it^fSo «i##f^g c^-r**? ?*tfc) ^ffl^tsifcito^^^h-^- 

1 - 'J >ifc£3t*U 3 7 6 C-e 1 ^Btc 1 #moieCD#5 9 h-x- 1 - >J >H 
^Mt^gMlffe (^.-^ b) kirZa 

(2) *°U U >m*i—-*£bTT~l>- h^f-— tfJCj;-SATPS^£#^ ? h 
+ -^--ifCJ;5^^ ? b-X- 1 - »J >^©<£j£ 
1 OmM mt*?y*i"5^ 1 0 OmM ffig^> 'J »J (ftfiij >itbt 
7 5mM) &t>*4mM AMP^tft^l OOmM h U X$»««ftt (pH 7 . 8) 
CO. 1 -a— ? h/^*°'J U ^ife* #2. 5a- 7 h/^7f-b-F 

^^-ifp^o a o^«L. 3 7°C-ei 2 ombfco If AMP U >m{tKfc 
»T^©SlEtt+CD5f ? K*«« % ATP l. 4 mM. A D P 1. 7 mM. 

AMP 0. 9mMT&ofc 0 COgJC&KfcfcR 4 OaMttiZ £vlcD ( + ) # 
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